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ABSTRACT 

The instructional media created by microcomputers 
interconnected by modems to form long-distance networks present some 
powerful new opportunities for education. While other uses of 
computers in education have been built on conventional instructional 
models of classroom interaction, instructional electronic networks 
facilitate a wider use of apprenticeship education, in which students 
learn skills and acquire knowledge in contexts similar to those in 
which they will be used. To investigate these possibilitiP;S, an 
instructional electronic network (the Intercultural Learning Network) 
interconnecting students and teachers in the United States, Mexico, 
Japan, and Israel has been developed. Tor one project conducted in 
this network, students tackled a problem in their own community, the 
problem of the shortage of water. By addressinn a problem shared 
across the different locations, students learned to transfer 
solutions used elsewhere to their own problems. They also acquired 
science concepts in an instructional setting that provided dynamic 
support for the acquisition of problem solving skills. This study 
raises a challenge to education: that the dominant form of 
instruction could become "teleapprenticeships," In this form of 
instruction, students would participate in globally distributed 
electronic problem solving networks, jointly tackling problems with 
other students, with teachers, and with adults outside the school, (9 
references) (Author/GL) 
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ThoMruciioful media created by microcofnpuiers inlerconnecicd )>y nH)defns 
to foMtain-divlance nelwofts pre%eni MHnc powerful new opporlunilies for cdu^ 
calKMLWiMk other uses of computers in cduialion have been built on conven- 
tJonaJu»uclioaal modeh of classroom interaction, ins^fvctional electronic nci- 
nofli ilicihl tc a wHkr use of apprenlKeship education, m whKh students learn 
sIuNsjmI acquire knowledge in contexts similar to those in which they will be 
«sed SMvcsiigate these possibilities, we have creaicd ati instructional electnmic 
actwift aterconneciing students ami teachers in the United States, Mexico, 
hpiaufi Israel, in this paper, we analyze one proycct conducted in this Inter- 
Cullifll Network. Students tackled t problem in their own community, ihe 
probtai «f the shortage of water. By addressing a problcffl shared across the dif- 
fcfenAcalions, students learned to transfer solutions used elsewhere to Ihek own 
probiaa^ which is one strategy for deahng with ihe difficttlty people have with 
tfamfinv knowledge from one domam lo another. They also acquired science 
cuncqpbH an insiruciaonal setting that provided dynamic support for the tcqutsi- 
lion ^Ifrn kkt m solving skills. This siudy raises a chaltenge to education: thai the 
Joini— lixwof instruction could become "teleapprenticeships.*' In this form of 
instivaiM, students would panicipate in globally distributed electrtMiic problem 
folvivictworks. jointly tackling problems with other students, with (cachers. and 
with outside the school, c iwr Aca^M fn\^. lac 
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Computers vc now present in almosi all schools, in ever increasinc 
numbers (Becker, 1986), Yet, wbere s the revolution? In what sense have 
computers changed the nature of what is happening in education? For 
example, Mehan (1979) has found that classroom interactkm typically has 
a three part ••InitiaikHi-Reply-Evaluation'' structure. A teacher will ad- 
dress a class of students with some sort of inflation, some student (or set 
^ students) will reply, and the teacher will then evaluate that response. 
For example: 

Teacher initiates: What is the capital of Ohio? 

Student replies: Columbus, 
leactier evaluates: Very good. 

Teacher initiates again: Now, what is the capital of llhnois-> 

(etc.) 

This interactional pattern exisl-i in much of today s computer aided 
instructtcn (CAI), which is the most common use for computers today 
(Becker, 1986). ' 

Coipputcr initiates: What is the capital of Ohio? 

Student replies: Columbus. 
Computer evaluates: Very good. 

Computer initiates again: Now, what is the capital of Illinois'' 

(etc.) 

So, despite the appearance of change, we see that the form of inslnic- 
tion ts the same. We have been exploring some ways in which computers, 
especially microcomputers interconnected to form long-distance dec- 
tromc networks, can facilitate fundamentally different forms of educa- 
tion. 

When you introduce a substantial change like a new communication 
medium tnto a complicated system like the educational system, it is often 
useful to reconsider the assumptii>ns underlying the way things are cur- 
rently done. Jn particular, the introduction of microcomputers into 
schools and their ability to be linked through the telephone system into 
long-distance networks allows us to reconsider tradeoffs involved be- 
tween conventional classroom interaction and other forms of instruc- 
Ijonal tnteraction. What are the beneflts and costs of current practices? 
What are the comparative costs and benefits of alternative ways of 
teaching and learning? 

Tfie «*T€R-CULTURAL NETWORK 
To explore these issues, we cfeated an electronic network, which wc 
call the Inter^'uliuml Network, as a sort of global hiboratory for exam- 
ming the propertii of the new electronic medium of instruction. Active 
sites on this network are in the United States tCA. AK. HI, CT)- Tijuana 
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MeiiKWcyo Japan; and Jerusalem. Isiael. Pwticipanis in this network 

SST^JyTihy ^ staff. P^rif^']' "I^S'J^rlt 
^dn. high school students, middle school s»"<««n's. "^M^^J^ 
^^«de sUKlents They create text messages on their local micio- 
SirttStS ^ceTvJ them electronically via commjrcul net- 
J^c'l^Ionirmail. «k1 read and analyze th. messages from other 

^ A -'.ivUies have ^en conducted on thjs 

JJTincSng news writmg (Uvin. R-L Ro-. A Bon..,jm 
Riel.IW). science projects (Uvm A ^'^'^'^ ^'^'^^Z 
«cihie5(Cohen. Uvin. & Riel. 1986). In this paper i*e^«o«oci«o« 
r^STof distributed problem-solving instruction, focusmg on the 

proUmtM water shortages. 
The9alrr ProbUm-SoHng Project 

Serral of the sites on the network had a common problem in their 
c<»!L«ties: shortages of water. The following initial message was sent 

on dKMiwork: 

Son STKl48l&inDi«P»22l Line* 

•t: 22 AUGUST IVd^ Al 0! 4J Copy Bl 

M,Kl proKcls 

Waler ProKcl 

Tfc. nroKCi will involve slwknt> in . joint probtem-solvin, caort. deling 

IL, for Mie* where ihe »^MUy of fre^h dnnkaNe wier i, a problem 

a-thenn, The fir., siep will he for student, in «»^»» P'"'-;^""* 
*iTo obu'nVnforJKH. about how water is ,athe,«l. .r«.spor,ed. used .nd 

Jurii^npi, .ns .t c.ch «lc w.U be shared wlh other ,>.rfc.pat.«t 

•?om|>an.« of Cher s approaches .o o«e^.*w«: St-lenis i„ c^^^^ 
jHcfmU^wheiher techniques used i. ihe other Mtes .re used i. their ou^ toon 
tTJor those that are not shared, students wiM ^^^^^ 

this -lalysis. students may want to get further feedback from tiK o«^ 
Sr^r^teJllthenwHteareportoftha^^^^ 
ehewhere that m«ht be solutions to the local problems with water. 
Br example, here is Ihe message from Juneau Alaska describing 
Mim problems Ihere and how Ihey solve those problems. 

TO: J/I^vin 
FMM: SHFR/DAUENHAUER 
SEWT: 211 NOV W 13.16:20 
RiAD: / )0 NOV S5 20.19:% 

IMiiet shortaat HI Juneau-our pr^iblem is that nol a« folks have ciiy water, 
STistSSiSomn^nfall^ 

ZZm The weather is very coM. Wt art not fttti^i ^rT^"^^^ 
iS^ncveti^uaHyninout We will need to t..y a truck lo^lif 1 does.^ 



EDUCATION ON THE ELECTRONIC FRONTIER 



and ram. The big subdivision had its stream freeze up So, in the rain forest, 
things can get tight when it freezes* 
water, water att around . . . 
dd 

ps. Our road has no city water so that is a problem when there is a fire. The fire 
dept has 10 haul waler in tank trucks. Some folks out the road lost iheir house 
totally a few weeks ago. 

Meanwhile, an eighlh-grade class in Visia, California, was learning 
aboul Ihe water silualion in San Diego Counly, under Ihe guidance of 
Welda Johnson, a graduale sludent al UCSD. After learning aboul the 
ways ihat soulhern California deals wilh problems of waler shortages by 
conslnicling huge aqueducis lo bring in waler from hundreds of miles 
away, the class divided up inio l^ams lo consider Ihe descriptions of how 
waler problems are deall with in olher places. 

Several of Ihe teams sent messages on the network seeking more infor- 
malion aboul Ihe waler problems and techniques used elsewhere. Here is 
a message sent back lo Juneau bolh lo seek further informalioii and lo 
describe their own problems. 

From STKI48 (SAN DIEGO) 12 Lines 
On 2« DEC Al:02:57 Copy BC 

Subject SI)2XI)E WA ATTENTION TOKYO AND JUNEAU 
To Juneju Abska 

Aboul Wjicr 

Why cjn'l you heal Ihe ice. or is il loo expensive * What w«Hjld you use if you 
could he^l ihc fro/en walei? How .luny days doe% ihe sun shine? We hope that 
you can find another resource to solve your waler problems. Speaking of waler 
and aqueducis, our Colorado aqueduct i> going to be having tough problems. We 
nudf son of a deal with Anzona. that we would share Ihc water from Ihe aque- 
duct, because Ihey have a right to have some of Ihe «^ier too, but if ihcy are 
really in need of waler, and have a shortage, ihcy will lake mo%l of our waler, 
then we will be in a simibr situation as you are miw So we hope you can find a 
wny lo lake care of your %valcr problems. 
Thank ymt. 

{the names of Ihe VisIa students) 

Several weeks later, ihese students received a detailed response from 
Juneau pointing out that *Mt costs too much money lo melt the ice« be- 
cause of the cost of fuel." 

Then some of these students raised the next le ve^ of problems: thr need 
to purify the water and the difficulty of gelling people lo imple^.ienl a 
solution. They were thinking fairly deeply about Ihc issues. As one stu- 
dent put it in a message, ''I never knew there was so much to learn about 
water.** 

Evaluating the Project 

What have we learned from this pilot project of distributed proMeflh 
solving instruction? So far, this ongoing problem-solving project has not 
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vndmtd any earth-shaking solutions to real and diffic"!! water 
l^Mms. However, the participants have learned a i'^^'J^^fJ^' 
waleraMt the different ways of seeking solutions for such problems. 
Moreivoilantly. participants saw various people, both adults and stu- 
de«ts,7appling with a teal, difficult problem. Perhaps •h«^"«>»!J?>"»We 
less^a^l be seeing that many problems in the out-of-schod world 
don't iv« rcady-to-use answers in the back of the book. In such elec- 
UoniciKssage exchanges people can join in the problem solving what- 
ever Aeir level of knowledge and skills. With such ongoing activities. 
newcMKrs to a network activity usuaHy start by reading the message 
imeradions. Then, when they feel they have something to contnbule. 
they pin in. gradually taking a more active role in the activity. 

TELEAPPRENTICESHIPS 

A Wm tv Extend Learning beyond the Si hwdhouse 

Th> learning environment has the flexibility to allow novice* to follow 
an oMMig interaction without disrupting it and then gradually to take a 
more and more active role. This process is an important element of ap- 
prentccship karnmg. According to studies of apprenticeships (Green- 
field A Lave 1983 Lave. 1977). novices in the domain initially take what 
appen to be a passive role located in the work setting but without any 
consMM assigned task. Instead, they monitor the ongoing activity and 
are mta parts of the work to carry oui. However, unlike the case m 
sch«ls, these tasks are not "exercises" to be carried out m isolation 
untillhey are mastered. I; ;tead. the tasks are part of the ongoing activity 
that *e novice has observed and the apprentice cames them out within 
the «ofk setting. Gradually the apprentice masters more and more of the 
ongoiiif work, but within the context of the setting in which the skills and 
knowledge are to be applied. 

M«|iiietworks like the Inter-Cultural Network, we can now construct 
• tekapprenliceships" in which novices in a domain start out monitoring 
mesagts among a set of people tackling a specific problem and then 
grately start to lake a moie active role in the process. In this sense, the 
elecMNiic network provides some of the necessary "dynamic support 
(Rid. Levin. & Miller-Souviney. 1984) for students to learn. 

Afptcnticeship learning of this sort can be done in an electronic me- 
dio* because it is not as disruptive to the expert's work as is the case 
withface-lo-face apprenticeships. Experts in a 4ommm cm add mivttxs 
to «• electronic mailing list without any inconvenience and can easily 
forward messages to an apprentice with an attached note requesting Itot 
Iheappfenlice carry out some simple task. To do this face to face, the 
«pp«Micc would have :o be located in the adult expert s work locafion; 
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to do this electronically, the apprentice can be located anywhere in the 
world. 

How Novices Can Affect Experts and Other Adults 

There are advantages for adiilis to include students in problem -solving 
networks. Since the primary goal for the students' involvement is to learn 
and only secondarily to solve problems, these networks will be able to 
tackle "long-shot problems." These are problems that adult experts 
would judge not worth tackling, oecause the expected payoff is lower 
than the likelihood that the problems can be solved. Some of the student 
activity can focus on these "long-shot" problems. (Obviously, it might be 
demoralizing to give students only long-shot problems to solve.) But 
within a mix of other problems, if a large number of instructional 
problem-solving network groups tackled a given long-shot problem, then 
there is a good chance that orx will come up with an interesting solution. 

Another advantage is that students are likely :o bring new points of 
view to a problem, which sometimes might be productive, especially a 
problem that has slumped the "experts." Also, students can serve as 
mediators between the adults in their own communities (their own 
parents and neighbors) and the expertise available from adults in other 
places. 

CHALLENGE TO EDUCATION 

There is a real sense in which these new electronic media can open up 
the world to students and teachers. Instructional networks allow ihem lo 
engage in activities far beyond the walls of their school which in the cur- 
rent educational system so effectively separate students and teachers 
from the rest of society. Distributed projects like the Water Problem- 
Solving Project can be easily integrated in schools, initially as an auxil- 
iary activity for students Bui there is potential for these activities to 
become a major element of the education of students. In this sense, mi- 
crocomputer-based nr'works may have a kind of revolutionary impact on 
education, breaking down the isolation of education in schools and 
making possible a r 'w incarnation of a venerable instructional form, ap- 
i>renliceships with a new title: "leleapprenliceships." 

REFERENCES 

Becker. H. (1986). tHiirucnomd uses itf school compuiers (Reports from ilie IW5 NaliomI 

Purvey. JuiK No. J). Ballimore. MO: John; Hopkins University. Center for Social 

OrfanizaiKM of Schools. 
COHEN. M.. Levin, J. A., A RiEl.. M. M. <I9K). An imen iliural eht inmic metwork far 

totial %<ieme leammK (lechnkal repun). Chainpiiign. Umver%iiy of Illinois. Depart- . 

mcnl of tducalional Psycliology. 



8 



260 



LCVIHETAL. 



Cmimwar. A UVE, J. (1913). Cogmiirt mspertM ofmforw^ t^uikm. Vfi^Mbhtd 

■llii rfrmfcii inmiiif • Qmmnefh Ntwsl€t9tr the Ukoraiory cf Ccmpmr^uve 

Levoi. J. A^AOWCN, M. (I9C5). The tvorid asan imcfMliOMl sdeiice laboritory: Bee- 
MMMMflislbr Kkficc imtroetioa Midprot^ Scumal cf Compmen m 

Bi^Uiftm^M wi Science Teockmg* 4, '^3-35. 

Levin J. A. tel.. M. M.. Rowe, R. D.. A Boeuta. M. J. (IW). Muktuk meets jicuizi: 
OMvMraciMffcs and deiMiMary sdKwl wnien. In S. W. Bccdnun (Ed.K TV oc- 
fmsilim4wniS^ Imnnuate: Mevisnm amd respomse. Hillsda le, NJ: AHc%. 

Mehan. H. llWf ). Leami»x lessons. Cambadfe, MA: Harwd Uiiiftl^f^tu. 

RiEU M M. mil lh€ CooifNrier Chromcles Newswire: A fenctional leanMOf environ- 
Meat §v ac^inniv bScracy skills. Jonmal of Edncntionai Compuling Research, 1. 
JI7-3P. 

Rieu M M .Uvin. J. A . A MiLLEE-SouvwEV, B. tl9M. Aprill. Uurning mik$nieroc^ 
9ive meSn: Dynamic snppon for students and iem hers. Pfcper presented at the meeting 
of the AmmcM Educational Research Association. New Orleans. 



